Abstract The purpose of this study was to investigate the pharmacological effect of fraction of Atractylodes lancea (Thunb.) DC. (A. lancea) extract. In this study, we isolated different polarity fractions, including petroleum ether (PE), ethyl acetate, nbutanol, and the remaining H 2 O fractions from the water extract of A. lancea. The antigastric cancer properties of the different fractions in BGC-823 and SGC-7901 cells were evaluated. Apoptotic cells were treated with PE fraction and stained with Hoechst 33342 and 5,5,6,6-tetrachloro-1,1,3,3-tetraethylbenzimidazolylcarbocyanine iodide. The cell cycle was analyzed via flow cytometry. The main compounds of PE fraction were determined by HPLC-ESI-MS. Results of this study showed that the PE fraction of A. lancea inhibited the growth of BGC-823 and SGC-7901 cells in a dose-and time-dependent manner. The morphological and mitochondrial transmembrane potential changes suggested that the cells showed preliminary apoptosis characteristics after treatment with the three different polarities. The main compounds of PE fraction include two sesquiterpene compounds: eudesm-4(15),7-diene-9a,11-diol and eudesm-4(15)-ene-7a,11-diol; three sesquiterpene lactone compounds: atractylenolid I, atractylenolid III and 3-b-acetyl-atractylenolid III and one polyacetylenic compound: 4,6,12-tetradecatriene-8,10-diyne-1,3,14-triol.
Introduction
Worldwide, gastric cancer is the second most common cause of mortality in cancer death (Parkin et al. 2005; Crew and Neugut 2006) . East Asian countries, such as China, Japan, and Korea report the highest incidence of gastric cancer (Ferlay et al. 2010) . The development of gastric cancer exhibits a multi-step process, ranging from chronic gastritis to atrophy, intestinal metaplasia, dysplasia, and finally, invasive cancer (Correa and Shiao 1994) . Current comprehensive therapy of gastric cancer in China involves surgery and chemotherapy. Due to the adverse reactions and the resistance of tumor cells to the drugs (Gatti and Perego 2009) , chemotherapy is not a preferred treatment. Several studies demonstrated that Chinese medicinal herbs combined with surgery and chemotherapy effectively improved the performance of anticancer treatments and reduced their toxic side effects (Dobos et al. 2005; Lin et al. 2012) . In recent years, Chinese medicinal herbs have become an important source of potential anticancer agents (Naoyoshi et al. 2012; Zhang and Zhang 2011) . Studies have revealed that Chinese medicinal herbs demonstrate anticancer effects by inducing apoptosis of cancer cells, enhancing the immune system, inducing cell differentiation, and inhibiting the telomerase activity and growth of tumors (Ruan et al. 2006; Adaramoye et al. 2011) .
For a long time, rhizomes derived from Atractylodes lancea (Thunb.) DC. of the Compositae family have been used for the treatment of digestive disorders, rheumatic diseases, night blindness, and influenza (Tang and Eisenbrand 1992) . A. lancea rhizomes are widely used as a traditional Chinese medicine to revitalize the spleen. In China and Japan, they are also used as stomachic. In Korean and Japanese pharmacopoeias, they are prescribed as gastric drugs (Kitajima et al. 2003) . The mechanisms by which A. lancea exhibits antiulcer effects by improving the stomach damage is believed to be (Kubo et al. 1983 ) through inhibiting gastric secretion (Nogami et al. 1986 ) and gastric emptying (Nakai et al. 2003) . In Chinese traditional medicine, A. lancea has always been used as a gastric cancer treatment with other Chinese medicines as a herbal medicine formula (Yuan et al. 2011) . Earlier phytochemical investigations showed the presence of polyacetylenes, sesquiterpene, sesquiterpenoids, and sesquiterpene glycosides (Kano et al. 1989; Chen et al. 1997; Ding et al. 2000; Yahara et al. 1989) in A. lancea. The objective of the present study was to identify the anticancer activity and to assess the therapeutic potential of A. lancea water extract in gastric cancer using human gastric cancer cell lines BGC-823 and SGC-7901.
Materials and methods

Materials
Dulbecco's modified Eagle's medium (DMEM) was provided by Gibco Industries Inc. (Grand Island, NY, USA). Penicillin, streptomycin, 3-(4,5-dimethyl-thiazol-2-yl)-2,5-diphenyl tetrazolium) (MTT), 5,5,6, 6-tetrachloro-1,1,3,3-tetraethylbenzimidazolylcarbocyanine iodide (JC-1), the fluorescent probe propidium iodide (PI), Hoechst 33342, Trypsin/EDTA, and Triton X-100 were purchased from Sigma Co. (St. Louis, MO, USA). Fetal bovine serum (FBS) was provided by Hangzhou Sijiqing Biological Engineering Co. Ltd. (Hangzhou, PR China). BGC-823 and SGC-7901 cells were provided by the Institute of Life Science (Jiangsu University, China). All other chemicals and reagents used were of analytical grade.
Preparation for A. lancea extracts
Atractylodes lancea roots were collected from an area in Jurong, Jiangsu Province, China and identified by Professor Zhen Ouyang, School of Pharmacy, Jiangsu University, China. Oven-dried roots were ground to powder and passed through 40 mesh screen. Up to 20 g of the powder was mixed with 400 mL distilled water and subjected to reflux extraction for 2 h. The solution was centrifuged at 9009g for 15 min. The supernatant was collected, and the residue was reextracted. Finally, the supernatant was filtered using filter paper and concentrated to dryness at 60°C under reduced pressure. The concentrated extract was fractionated four times with an equal volume of petroleum ether (PE). The solution was partitioned using ethyl acetate (EtOAc) and n-butanol (n-BuOH). Finally, the remaining H 2 O was fractionated, and the isolated fractions were dried. All isolated fractions were subjected to cytotoxic and apoptosis assays.
Cell cultures
The BGC-823 and SGC-7901 cells were maintained at 37°C in a humid atmosphere containing 5 % CO 2 and cultured in DMEM with 5 % (v/v) FBS, 100 U/mL penicillin, and 100 lg/mL streptomycin. The culture medium was changed every 2 days.
Cell viability assay
Cell viability was determined using the MTT assay. The cells were seeded and allowed to grow for 24 h. Subsequently, the cells were treated with defatted fraction PE, EtOAc, n-BuOH, and the remaining H 2 O fractions (0, 0.0625, 0.125, 0.25, 0.5, and 1 mg/mL of each fraction). The control samples were not treated but received an equal volume of medium. After removing the medium, the cells were labeled with MTT solution for 4 h at 37°C, and the resulting formazan was solubilized with DMSO (100 lL). Finally, the optical density (OD) of each well was immediately measured on an ELISA micro-plate reader (Bio-Rad) at 490 nm to detect cellular viability.
Morphological assessment of apoptotic cells
To assess the morphology of apoptotic cells, BGC-823 and SGC-7901 cells were stained with the DNAbinding dye Hoechst 33342. These cells (4 9 10 4 ) were cultured overnight in 24-well plates and treated with PE fraction (0.5 mg/mL) for 24 h. After removing the medium, the cells were washed twice with phosphate buffer saline (PBS). The cells were then incubated for 10 min with 20 mg/mL Hoechst 33342 to stain the nuclei. Morphological changes in the nuclear chromatin were observed under a fluorescence microscope (Ti-2000, Nikon, Japan).
Determination of mitochondrial transmembrane potential
The cells, BGC-823 and SGC-7901 (4 9 10 4 ) were cultured in 24-well plates and allowed to grow for 24 h. The cells were incubated with PE fraction (0.5 mg/mL) for 24 h. After removing the medium, the cells were washed twice with PBS. 100 lL JC-1 solution (3 lg/mL) was added to each well. The plates were incubated for 30 min and then washed twice with PBS after removing the solution. Finally, the OD of each well was immediately measured using a fluorescence enzyme standard instrument and observed under a fluorescence microscope (Ti-2000, Nikon, Tokyo, Japan).
Chemical profiling of the PE fraction
Chemical profiling of the PE fraction was performed via high-performance liquid chromatography-electrospray ionization-mass spectrometry (HPLC-ESI-MS) (LXQ, Thermo Finnigan, Waltham, MA, USA). In a volumetric flask, approximately 4 mg of the PE fraction was added with 1 mL methanol. The mixture was subjected to ultrasound for 5 min to resolve the volume. The solvent was filtered using a microporous membrane (0.45 lm) (Hanbon Sci. & Tech., Jiangsu, China) and then injected into the HPLC-ESI-MS system. For the HPLC-ESI-MS, the HPLC column used was Kromasil-C 18 (250 mm 9 4.6 mm, 5 lm, The elution rate was 0.7 mL/min, and the analytical column was maintained at 30°C. Mass spectra were analyzed using a Finnigan LXQ instrument with an ESI source. Nitrogen was used as the sheath and auxiliary gas, whereas helium was used as the collision gas. Values of auxiliary gas flow rate were set at 10 arbitrary units, and capillary voltage was set at 30 V. Mass spectrometric data were collected from m/z 100-1,500 in positive ion mode.
Statistical analysis
One-and two-way analysis of variance and SPSS 16.0 were used for data analysis. All results were expressed as mean ± SEM or mean ± SD; p \ 0.05 was considered to indicate statistical significance.
Results and discussion
Inhibitory effect on cell growth
This study determined inhibition of cancer cell proliferation and estimated the IC 50 values of the different polarities of A. lancea extract on BGC-823 and SGC-7901 cells. The MTT assay showed that after the cells were treated with the PE, EtOAc, and nBuOH fractions at 0, 0.0625, 0.125, 0.25, 0.5, and 1 mg/mL for 24 and 48 h these fractions exhibited growth inhibitory effects on BGC-823 cells in a dosedependent manner and SGC-7901 cells in a dose-and time-dependent manner, respectively (Fig. 1a, b) . The PE fraction of the extract was found to be the most effective in inhibitory capacity. The EtOAc fraction was much weaker than the PE fraction, whereas the nBuOH fraction was weaker than the EtOAc fraction (Fig. 2a, b) . BGC-823 and SGC-7901 cells were sensitive to the PE fraction.
Morphology of apoptotic cells
Morphological observation revealed that the chromatin of BGC-823 and SGC-7901 cells in the control group was normal and well distributed. By contrast, after treatment with the respective drug groups, the number of cells decreased, and the condensation and fragmentation of apoptotic cell nuclei were evident in Cytotechnology (2014) 66:201-208 203 BGC-823 and SGC-7901 cells. The results indicated that the PE fraction of A. lancea induced apoptotic death of BGC-823 and SGC-7901 cells (Fig. 3) .
Changes in mitochondrial transmembrane potential
The mitochondrial transmembrane potential of the normal cells in the control group was higher than for the treated cells; JC-1 staining displayed jacinth fluorescence (Fig. 4) . Table 1 . The MS spectra of the dominant constituents of the PE fraction revealed six compounds. These compounds include two sesquiterpene compounds: eudesm-4(15),7-diene-9a,11-diol (Wang et al. 2008a, b) and eudesm-4(15)-ene-7a,11-diol (Wang et al. 2008a, b) ; three sesquiterpene lactone compounds: atractylenolid I (Meng et al. 2010; Endo et al. 1979) , atractylenolid III (Wang et al. 2007; Li et al. 2002; Wu et al. 2004) , and 3-b-acetyl-atractylenolid III (Wang et al. 2007 ); and one polyacetylenic compound: 4,6,12-tetradecatriene-8,10-diyne-1,3,14-triol (Nakai et al. 2003) .
Traditionally, Chinese medicine is water boiled to determine the possible effective compounds (Wang et al. 2010; Luan et al. 2010) . In this study, the most suitable extraction and partitioning methods, as well as the most appropriate solvents were selected to extract specific classes of compounds to determine the composition of the extracts. Using the MTT assay, the antiproliferative effects of PE, EtOAc, n-BuOH, and H 2 O-souble fractions were determined. Data showed that the PE, EtOAc and n-BuOH fractions could inhibit the growth of BGC-823 and SGC-7901 cells. The growth inhibitory effect of the PE fraction was significant, whereas the H 2 O-souble fraction did not show any growth inhibitory effect on the cancer cells.
Current literature lack studies on the mechanism of action of A. lancea and its antigastric cancer activity. The present study demonstrated the inhibitory effect of PE fraction of A. lancea on the growth of BGC-823 and SGC-7901 cells. After treatment with the PE fraction, the nuclear condensation and DNA fragmentation of the cancer cells were prominent. These results suggested that BGC-823 and SGC-7901 cells treated with the PE fractions underwent typical apoptosis. Moreover, the results also showed that the mitochondrial transmembrane potential of the PE fraction treated BGC-823 and SGC-7901 cells decreased. The decreased mitochondrial transmembrane potential indicated cell apoptosis in the initial stage. The results suggested that the PE fraction induced cell apoptosis via the mitochondrial pathway.
Previous studies reported that sesquiterpenes exhibit activities against gastrointestinal diseases (Zhang et al. 1999) . Cytotoxic activity of Sesquiterpenoids from Atractylodes ovata shows cytotoxic activity on Leukemia Cell Lines (Wang et al. 2002) . Atractylenolid showed antitumor effects (Wang et al. 2006 (Wang et al. , 2008a and contains components with gastrointestinal inhibitory effects (Zhang et al. 1999) . Polyacetylenic compounds demonstrated improvement in the delay of gastric emptying (Nakai et al. 2003) . In the present study, LC/MS results showed that the PE fraction of A. lancea mainly contains sesquiterpenes, esquiterpene lactone and polyacetylenes. The results suggested that sesquiterpenes, esquiterpene lactone and polyacetylenes are the active ingredients of A. lancea water extract. 
Conclusion
The results showed that the PE fraction of A. lancea demonstrated significant growth inhibitory effects on BGC-823 and SGC-7901 cells. The cytotoxic mechanism was related to the effects of the extract on apoptosis and cell cycle arrest. Apoptosis was induced through mitochondriadependent and death receptor-dependent apoptotic pathways. The possible components of A. lancea responsible for its resistance to gastric cancer included sesquiterpenes, esquiterpene lactone and polyacetylenes. However, more experimentation is needed to isolate and identify the effective chemical composition using separation and anticancer evaluation methods. The results of this study suggest that A. lancea deserves further study as a potential anticancer drug. 
